n.
Gernlplasrn during the construction of the clonal repositories and developed an operations manual to guide new staff in establishing their facilities (Westwood, 1986) . Funding was ultimately approved for 8 of the 12 originally planned clonal repositories (Fig. 1) . Two Citrus repositories, one in Orlando, Florida, and one in Riverside, California, were originally established as a result of quarantine restrictions between the 2 states but were later consolidated at Riverside. In 1987, the National Arboretum in Washington, DC, was designated as a clonal repository for woody landscape crops.
NPGS 'Clonal' Repositories
The mission of NPGS genebanks includes the acquisition, documentation, preservation, evaluation, enhancement, and distribution of plant genetic resources. This conservation activity improves the quality and production of economic crops important to U.S. and world agriculture (NPGS, 2005a) . The U.S. clonal genebanks house wild relatives as well as improved genotypes for their assigned crops and currently maintain 30,000 accessions representing 1600 species (Table I) . For some temperate crops, seed collections are used to represent wild species populations in addition to the genotypes that must be preserved clonally. Many nut crops and tropical or subtropical species have recalcitrant seeds that do not retain viability when stored so that clonal living plant conservation is required. The original plan for fruit and nut gene banks suggested maintenance and preservation as primary objectives followed by research and evaluation (Brooks and Barton, 1977; Westwood, 1989) . Preservation remains the primary focus of the NPGS fruit and nut repositories, which are described subsequently Miami in the order that they became established. Contact information and crop responsibilities for each site are provided (Table 2) , and number of accessions and collection locations by genus are itemized (Table 1) .
Corvallis, Ore., established 1980
NCGR-Corvallis is operated in collaboration with Oregon State University and is located on the grounds of their Horticultural Research Farm at 44.55° N latitude. NCGR Corvallis maintains germplasm collections of more than 26 genera, including several agronomic and specialty crops. Actinidia, Cory/us, Ct'donia, Fragaria, Pines, Ribes, Rubies, and Vacciniiern are the main assigned fruit and nut genera ( Table 2 ). The Repository maintains more than 8300 clones and 3300 seedlots. The largest clonal collections are Pines with 1900 and Fragaria with 1300 accessions. Because Rubies and Vaccinium are highly diverse, each having between 600 and 800 species worldwide, much variability for these genera is represented with seedlots. Currently, 970 Rubies and 570 Vacciniurn seedlots are maintained in addition to a greater number of clones (Table I) .
Primary clonal collections of Fragania, Rubies, and Vacciniurn are maintained as potted plants in screenhouses for protection from virus vectors. Primary clonal collections for Actinidia, Con'lus, Cvdonia, Pines, and Ribes are maintained in field collections on 26 ha of land available to the Repository east of Corvallis. Much of the Rihes and Vaccinitem collections are duplicated in both screenhouse and field. In vitro culture of growing shoots provides backup for approximately 10% of the collection with priority given to core accessions, frequently requested accessions, and accessions that may be at risk in the field resulting from lack of cold hardiness. Nonhardy genotypes and species originating in subtropical or tropical locations are also maintained year-round in a greenhouse. Seed collections are stored at -20 °C.
Research at Corvallis supported by base funding focuses on improving germplasm storage and maintenance, including in vitro culture and cryopreservation and development of molecular fingerprints Gupta and Reed, 2006; Lewers et al., 2005; Mehlenbacher et al., 2005; Reed, 2001; Reed et al., 2006) . Other important research activities include virus and disease testing, identity verification, phenotype evaluation, propagation techniques, and strategies for seed regeneration.
Davis, Calif., established 1981
NCGR-Davis is operated in coordination with the University of California and is located at 38.54° N latitude. Fruit and nut crop genera which are represented by more than 100 clonal accessions include Actinidia, Diospyros, Ficus, Juglans, Olea, Pistacia, Prunus, Punica, mine the distribution of genetic variability within and between taxa, and to assist in collection management (Aradhya et al., 2003 (Aradhya et al., , 2004 (Aradhya et al., , 2005 . Characterization of accession phenotypes, to assist clients in selecting material for their research programs, is also an important and ongoing research activity.
Mayaguez, P.R., established 1984
The Repository at Mayaguez is one of 4 NPGS genebanks devoted to the preservation (Table 2) . Accessions are maintained in field plantings, but certain new plants must be quarantined and tested for pathogens before moving to the field. Backup core collections have been established in Mayaguez or Hilo. Research at Miami is focused on improved horticultural practices to ensure the longevity of collections and on the genetic basis of important horticultural traits such as disease resistance. Molecular markers have been developed for genetic diversity analysis and for the production of molecular genetic linkage maps. Families of avocado, mango, and jackfruit have been produced that should allow the mapping of the genes involved with disease resistance, fruit quality, and yield. A candidate gene approach is also being used to find genes involved with disease resistance and for control of flowering (AyalaSilva et al., 2004; Schnell et al., 2001 Schnell et al., . 2003 .
Brownwood, Texas, established 1984
The Brownwood Repository is located at 31.71° N latitude and has been the home of the USDA ARS Pecan Research program since 1933, when Louis Romberg began collecting pecan cultivars for use in breeding. On the recommendation of an active Crop Germplasm Committee, Romberg's grafted cultivar collections have been augmented by collections from native populations of pecan from throughout the range of the species (provenance collections) (Grauke et al., 1989) , and by collections of other hickory (Carva) species, to provide the broadest base of genetically compatible germplasm. The 22 ha of Repository collections in Brownwood were supplemented in 1987 by addition of 21 ha at a worksite in Burleson County, Texas (30.52° N latitude). There are over 400 pecan cultivars in the collection represented by grafted trees at each worksite. Provenance collections are maintained as self-rooted trees, primarily at the Burleson County worksite. Over 300 provenance accessions are represented by up to 8 seedling trees each. Small collections of other hickory species from the United States, Mexico, and Asia (Grauke et al., 1991) are also maintained, with some accessions being represented only by herbarium or nut vouchers. Accessions are characterized for nut quality, phenology of growth and flowering, and for traits such as leaf and tree form. Research is focused on the refinement of descriptors for characterizing genetic diversity in Ca,-va and the development of molecular genetic methods for fingerprinting accessions and characterizing populations (Grauke et al., 2003) . A longterm goal of this Repository is the designation of appropriate and useful in situ reserves to more adequately represent this important native North American genus.
Geneva, N.Y., established 1984
The National Clonal Germplasm Repository for apple, grape, and tart cherry was established in 1984 on the campus of Cornell University in Geneva at 42.88° N latitude. In 1986, the Repository merged with the Northeast Regional Plant Introduction Station (NERPIS) and has been known since then as the Plant Genetic Resources Unit (PGRU). Currently, around 20,000 accessions are held, representing nearly 200 species and encompassing both seed-propagated and vegetatively propagated germplasm. The Ma/us (apple), Prunus cerasus (tart cherry), and Vitis (grape) collection comprises 5300 accessions. The PGRU also maintains a number of seedpropagated crops, including onion, tomato, and vegetable brassicas. Research activities focus on problems related to germplasm acquisition, collection management, and germplasm utilization, including application of whole plant phenotyping, cellular, and molecular markers to assess diversity of germplasm collections; development of improved apple rootstocks; and in vitro and cryopreservation of clonal and seed propagules.
The Ma/us collection includes 4000 accessions with 2500 of these maintained as trees grafted to EMLA 7 semidwarfing rootstock. Nearly all accessions are backed up in cryogenic storage at the National Center for Genetic Resource Preservation, Fort Collins, Cob. (NCGRP) as dormant buds; therefore, only one tree of each accession is maintained in the field. This provides a major cost savings by reducing acreage nearly 50%. The other 1500 accessions are seed lots or seedling populations from wild collections (Forsline et al., 2004) . Seed collections are stored at -20 °C with equal amounts at PGRU and NCGRP. In addition, over 5000 seedlings are grown out and characterized at PGRU with some of these to be selected and maintained as clones. Others are used to produce seed backups (Volk et al., 2005) .
The tart cherry collection includes approximately 100 accessions and represents the tetraploid cherries of Prunus cerasus and Prunus fruticosa. These are maintained as duplicate trees on MXM 2 rootstock. Over 50% are also backed up at NCGRP as dormant buds in cryogenic storage.
The grape collection consists of 1200 accessions, most of which are duplicated in the field as own-rooted plants. These accessions represent mostly North American native species and hybrids that are cold hardy and supplement the 2800 cold-tender Vitis accessions maintained in Davis, Calif. There is no cryogenic storage system for grapes, but maintaining them as own-rooted vines allows for reestablishment in the ease of severe winter cold damage.
Hilo, Hawaii, established 1986
The National Clonal Gerniplasm Repository for Tropical Fruit and Nut Crops was initiated in 1986 as ajoint cooperative project between the NPGS and the University of Hawaii at Manoa, College of Tropical Agriculture and Human Resources. The Repository is located at 19.57° N latitude. The unit became one of the 4 research units at the U.S. Pacific Basin Agricultural Research Center (PBARC) in 1999 and was renamed the Tropical Plant Genetic Resource Management Unit. Collections include approximately 1000 accessions maintained as living plants on 13 ha of field plantings at 3 locations with selected germplasm grown in tissue culture and in greenhouses. The unit is responsible for 14 important tropical fruit and nut collections, including Ananas, Artocarpus, A verrhoa, Bactris, Camellia, Canarium, Carica, Dimocarpus, Litchi, Macadamia, Malpighia, Nepheliuni, Passiflora, and Psidium (Table 2 ). Research at Hilo focuses on germplasm maintenance, verification, and storage. Examples of research include in vitro storage, molecular fingerprinting, flower induction mechanism, fungal and bacterial diseases of tropical crops, and new crop evaluations (Keith et al., 2006; Matsumoto Brower 2006; Steiger et al., 2003) .
Riverside, Calif., established 1987
The goal of the Riverside Repository is to provide the genetic diversity necessary to improve the productivity of citrus, date palms, and related taxa and to reduce genetic vulnerability of these crops for the future. This genebank is located at the University of California Riverside at 33.97 1 N latitude. Primary objectives are to collect, maintain, evaluate, preserve, and distribute pathogen-tested clonal germplasm of CitrILs, 32 related Aurantioideae genera, and date palms and related Phoenix species. The secondary objectives are to conduct and encourage research on improved methods of maintenance, evaluation, preservation, and distribution.
The Riverside Repository is somewhat unique among the clonal repositories in that it is truly a cooperative program with the University of California (UC), Riverside. The largest number of Citrus genotypes is maintained in a university field collection that is shared between ARS and UC. However, as a result of the unknown pathogen status of plants in the field, ARS maintains an additional protected collection of pathogen-tested trees in screenhouses. Screenhouse trees are the primary source for clonal distributions. In addition, the Repository is accredited by USDA-APHIS and the California Department of Food & Agriculture for receiving foreign citrus introductions, which are used by both ARS and UC. Date palms are maintained by ARS at a UC facility in Thermal, Calif. Several satellite plantings of cold-sensitive genotypes are also maintained at other UC field stations. Research supporting the objectives of the Repository has focused on phytopathologic issues, including development of improved pathogen assays, investigation of abnormalities in field trees, and cooperative work with various entities toward establishing certification programs (Fang et al.,1997; Krueger & Roose, 2003) . Research on molecular characterization has permitted the designation of a "core" collection.
Documentation of Collections-GRIN
The Germplasm Resources Information Network or GRIN is the national public database that provides both genebank personnel and germplasm users access to passport, characterization, evaluation, inventory, and distribution data from the national germplasm collections. In addition to plant germplasm, GRIN also supports the National Animal Germplasm System, the National Microbial Germplasm Program, and the National Invertebrate Germplasm Program (NPGS. 2005b) . Each repository is responsible for entering and maintaining data for collections at their site. Several database query options are available to the public at http:// www.ars-grin.gov/npgs/searchgrin.html.
Maintenance and Backup Strategies
Repositories must find a balance between maximizing diversity and minimizing the risk of loss. Some crops like apples, pears, pecans, and walnuts are economically maintained in long-lived orchard collections. Crops such as citrus, stone fruits, or strawberries are prone to insect-borne viruses and therefore must be protected in screenhouses to prevent plants from becoming infected. Maintaining multiple plants of each accession as in-house backup increases the security of the collection but reduces the space available for additional accessions. This is particularly true for potted plants maintained in screenhouses or greenhouses. Some repositories are using in vitro culture as a medium-term backup strategy for growing plants (Corvallis, Hilo, Mayaguez), and others are using cryogenic storage of either apical meristems or dormant buds for longterm backup (Corvallis, Geneva). However, for many tropical and subtropical crops, development of cryogenic or in vitro storage protocols is difficult and has not yet been implemented.
Distribution Policies and Procedures
Distribution of clonal germplasm is more complicated than distribution of seeds. Clonal repositories do not generally distribute finished rooted plants, but rather distribute scions or cuttings that must be propaguled by the recipient. Shipping of requested accessions is therefore dependent on the season when appropriate propagables are available. This might be early summer for strawberry runners or blueberry softwood cuttings or midwinter for grape cuttings or fruit tree scions. Propagation material of subtropical and tropical species is often available throughout the year. Germplasm is freely available from all NPGS Repositories in small quantities for research purposes. The National Plant Germplasm System distributes germplasm to foreign requesters in compliance with federal quarantine regulations and restrictions of the United States and the recipient country.
Pathogen Testing
Clonal repositories seek to distribute germplasm without disseminating germplasm-borne pathogens, including viruses, viroids, and phytoplasrnas. Although not certified to be free of all known pathogens, much of the clonal germplasm in NPGS has been tested for the presence of common or important viruses and virus-like pathogens. Various testing methods are used depending on information available for each pathogen. Some pathogens can only be detected by inoculating indicator plants and observing symptoms, whereas other pathogens can be detected by modern laboratory methods (Jelkman, 2004 : Martin, 2004 : Postman et al., 2005 Schnell et al., 1997) . Pathogen test results are often required before a phytosanitary certificate can be obtained for safe international germplasm exchange. Witt(1985) ,inhis "BriefBook" on genetic diversity, quoted from a plant breeding report that compared germplasm collections with "pharmacies filled with miracle drugs without labels." We need to uncover the genes lurking in our germplasm that will allow us to develop cultivars able to overcome emerging diseases, adapt to changing climates, improve flavor, enhance nutritional value, and expand production into new environments. We must not only preserve our vanishing agricultural heritage, but also discover new sources of essential human nutrients, satisfy consumer desires for novel fruits and nuts, and implement reliable methods to identify and "fingerprint" genotypes. Identification and elimination of duplicate genotypes will allow us to make more efficient use of resources. DNA techniques have become useful tools for both identifying clones and for locating the genes associated with useful traits. Our germplasm is only as useful as the information that accompanies it. GRIN provides a place to store geographic locality coordinates that allow plant origin maps to be generated and that will associate accessions with climate and environment data. Each Repository, in consultation with a team of crop specialists, has developed a list of "descriptors" or key traits that are of interest to plant breeders. Germplasm users can query GRIN for plants with traits that meet their specialized needs whether as parents for breeding or representatives of a unique geographic area.
Characterization

Technical Advisory and Crop
Germplasm Committees Brooks and Barton (1977) in their original proposal for national fruit and nut repositories proposed Technical Advisory Committees to guide the development and operation of each genebank and Crop Advisory Committees, later renamed "Crop Germplasm Committees" or CGCs to guide curators in the management of specific collections. CGCs are national working groups made up of specialists representing various disciplines and include federal, state, and private industry members. These committees help curators identify and fill gaps in U.S. collections, prioritize traits for evaluation, appraise research proposals, and help ensure the accuracy of data entered to the GRIN. CGC members also assist in the designation of core subsets (NPGS, 2005c 
Future Challenges
Twenty-five years after their inception, the NPGS Clonal Germplasm Repositories have established valuable national collections representing world diversity of not only commercially important fruit and nut cultivars, but also their wild relatives, which may have genetic traits of unanticipated importance. Cohen et al. ( 199 1 ) defined 4 eras in ex situ crop germplasm conservation:
1. A period of exploration and acquisition from the early 1800s to approximately 1950; 2. A period of establishing conservation facilities from the 1950s to the 1980s; 3. A period focused on regeneration and research from 1980 to the second decade of the 21st century; and 4. A future era of enhanced utilization. Workers at NPGS clonal genebanks had a late start on this roadmap, but have now entered the era where regeneration and evaluation of collections are priorities. Crop germplasm collections were originally conceived as a "hedge against starvation" (Loewer, 1991) , but as collections become more complete, they become valuable for more than just crop improvement (Greene and Moms, 2001) . Some species in NPGS collections are rare or endangered in the wild, making these genebanks conservators of plants that may become extinct in nature. Today's plant explorers build on knowledge of plant distributions that were often established by NPGS collectors. Secondary and tertiary gene pools captured in our genebanks are being used for basic research on evolution and genetic relationships. Patent and trademark attorneys consult the GRIN database and NPGS curators as important references on cultivar names or traits. Artists and photographers visit our collections to document accessions in other ways. Future challenges include identifying gaps in collections and acquiring plants to fill those gaps. Recent international agreements such as the Convention on Biological Diversity (CBD. 2006) and the International Treaty on Plant Genetic Resources for Food and Agriculture (FAO, 2006) have redefined the protocols for exchange of plant genetic resources between countries. National quarantine regulations that prevent the movement of insect and disease pests also impact international germplasm exchange. Genebank personnel will be challenged to maintain expanding collections with declining resources and transition from the acquisition phase to the evaluation phase as collections mature. Eliminating unintended redundancy, filling genetic gaps, and expanding phenotype and genotype data in GRIN will continue to enhance the value of the NPGS fruit and nut collections. Cohen's era of enhanced utilization (Cohen et al., 1991) , when mature genebanks expand their partnerships with breeders, researchers, and stakeholders, has arrived for the NPGS clonal repositories.
